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(57) Abstract 

The use of probe arrays in which probes of various biological substances such as DNA are immobilized on the surface of a solid 
is becoming established as an effective means for high-speed screening. Different kinds of probes, such as DNA, are immobilized 
on the surface of a multiple number of independently treatable fine particles, such as beads, instead of the surface of a sing! 
solid, and the resulting beads are aligned in a capillary or a cell in a designated order. The size of the area where one probe 
is immobilized is reduced. The bead probe array is characterized in that such small beads are aligned one by one in a designated 
manner using a sheet with holes, and one or a multiple number of beads are held in the holes and then transferred to a prob 
array holder such as a capillary. 

(57) Abrege 

L'invention concerne des afignements de sondes dans lesquels des sondes de differentes substances biologiques comme I'ADN 
sont immobilisees sur la surface d'un solide, cette configuration se generalisant actuellement comme moyen efficace de criWage a 
grande vitesse. On immobilise differents types de sondes (par exemple, ADN) sur la surface de plusieurs particules fines 
susceptibles d'etre traitees independamment (par exemple, billes), au lieu de les immobifeer a la surface <fun seul solide, et 
les billes ainsi utilises sont ensuite alignees dans un capillaire ou une cellule seion un ordre elabfi. On reduit done la 
taille de la zone ou une sonde est immobifisee. L'alignement de sondes sur des billes est caractense en ce que les billes 
d'aussi petite taifle utilisees en respece sont alignees I'une apres Tautre selon un ordre etaWi, et on utilise pour cet 
alignement une feuiile a trous: une ou plusieurs billes sont disposees dans les trous puis transferees vers un systeme porteur 
d'alignement de sondes du type capillaire. 
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(54) Title: METHOD OF PRODUCING PROBE ARRAYS FOR BIOLOGICAL MATERIALS USING FINE PARTICLES 
(57) Abstract 

The use of probe arrays in which probes of various biological substances such as DNA are immobilized on the surface of a solid 
is becoming established as an effective means for high-speed screening. Different kinds of probes, such as DNA, are immobilized on 
the surface of a multiple number of independently treatable fine particles, such as beads, instead of the surface of a single solid, and the 
resulting beads are aligned in a capillary or a cell in a designated order. The size of the area where one probe is immobilized is reduced. 
The bead probe array is characterized in that such small beads are aligned one by one m a designated manner using a sheet with holes, and 
one or a multiple number of beads are held in the holes and then transferred to a probe array holder such as a capillary. 
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Method of Prodoclnf Probe Arroyo for Biological IsoteriaJs Usiag Fb» Pirtidw 

Backnrnund of tta L^nlkm 

The present invention relates to probe arrays for use in detecting peptides, proteins end DNAs, 
5 diagnosing, and analyzing biological materials including DNAs; and methods and apparatuses to produce the 
same. 

p»K fjptkm of the Rallied Art 

For DMA analyses or DMA tens or diagnose*, emplfficctisn of i small amount of DNA, isolation and 
identification of tha anyfified DMA fragments, and other procedures are necessary. For DNA amplficatMiiv WR 

10 (porymersw cham retction) is widely used, in which an extremely smal number of DNAs can ba rnortipfied by several 
orders of magnitude so is to be detectable. On tha other tad. for tha acUtaa and detection of different ONAs, 
among other methods, a DNA seqoeacer end fregaem analyzer, in which oat atoroptaoresis and ftioresccnco 
datsction ere conemd, are used. However, electrophoresis aacornas my laoar-cneesfvc as the number of samples or 
test items increeses. Thus, a simple tnethod using DNA probes is Drawing attention, in partfeuier, a DNA dep. ie 

15 whkh many lands of probes ere i ir ioo uu ed on the sorfece of a said to mike a probe array which undergoes 
I w li i diutio n with the sarnpta, then onfy specific ONAs ere trapped on the sorfece of me sold end detected (Nature 
Modems 2, 753, 1996). 

The prase detection inetfaod is used also for the eaerysts of preteins or peptides or venous biological 
nnteriabwtach interact wit^ Ttablondof 

20 isolation end detection method, in whkfa e peptide or ONA is oomubium d on the sorfece of e sofid end rjybrkfiratioo 
proceeds betvreen the peptide or ONA end e sample, has long been known es a blotting method in which the presence 
of the tirget ONA or tha ia is detected by a probe i re e robi zed on e tnembrane ssing redoactive Jaoeang. However, 
the ONA dip, on which a large number of probes cen be iwiwbfeed on a amafl area II crn 2 ) of tha surface of a said 
«th as glass or siccna, has the advantage in that onry e smai amount of sample b roopred, end e vest viriety of 

75 probes cen be used siitMitiaeousiy. Methods tor *e production In 
the first group, e DNA probe is sytrthesfeed one base at a time by e phntochenecal reactieo on tmafl segments (0JJ5 
mrrr 1 to 0-2 ram 2 ) of a sofid using tha same prmtomeslong tschnoue is used for i»martrinri or the ite (Science 
251, 707, 19911 tn the second group, a syuthesized DNA, rcR-arnpfifad ONA, or ONA obtained by dotting is 
imniotizcd on e smel sepmemof mese^ef ssattforeed 

30 19981 The latter has the advantage that a peptide chip or DNA chip with the revered probes can be made reurtfvery 
tssdy, udistrwnwtboddefjoiceof many startup companies. 

A probe dap for bWogted maternds, ncenkng DNA, is a nighty errticipeted to be esed es e testing toot 
However, for practical purposes, the foeowt^ cooolttow nm 
35 crops can be made at low cost, (B) e probe cen be inwobfeod l i ai Bpe n e oiun / , (Q detail Mghty ror^otoctti end the 
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5 chip is reusable, tnd (0) thfl chip cm bt heated to remove rtorapecfficaDy absorbed substances. However, problems 

remain: For example, (a) the probes era not consistent from one segment to another, (b) production is very labor- 
firtwishe, (c) very fine sou mentation for imraobfluatian is aot possUe, tnd (d) probes are not uniform; because (i) they 
are immobilized as Squid drops on the surface of a saEd, sod (a) probes are positioned and immobifatd stnwtteneousty. 
10 5 Furthermore, {<fl bind weekly with the surface of the sold and may distodfed upon heating, because (ii) many probe 

chips are rrinobiized by adsorption or the ike. 

In order to solve the aforementioned problems, annxbiization of probes on the solid surface and alignment of 
the probes may be separated into two or more different steps to enable uniform DNA probes to be produced on the 
15 soft) surface. The probes can be mrobftzed vie covoamt bonds, which ere heat stable, therefore, rtompecrftcaly 

10 absorbed substances can be appropriately removed by heating. Fine particles, used es the sofid on which probes are 
irnmobi fired, are signed to produce a probe erray having segments of a statable size. Any desired probe array can he 
readDy produced by exchanging the aligned fine partides with the probes. Tweezers can be used to afipn fine pat tides 
having a diameter of about Q.3 mm but this method would be difficult for particles having e diameter of lass than 0.1 
mm. Therefore, in an embodiment the present invention provides a method and an apparatus te produce a probe array, 
15 m which fine particles each held in a tine hole on a sheet ere transferred end aligned in e capiftary, a groove en e plate 
or the like, b an alternative methodt fine particles are centrofled to flew as individual particles Into e Squid for transfer 
into e capiltary to produce e probe array. Furthermore, in order to raerovo repredudonlty in measurersent a multejrio 
number of fine particles with e nuitipie number of probes ere aligned far each probe to check any variation in test 
results to obtain highly reliable data. 
20 For purposes of summarizing the invention end the advantages ecaJevad over the prior art, certain objects and 

advantages of the invention have been described shave. Of course, it is to be understood that not necessarily all such 
objects or advantages may be edneved in accordance with any particular embodiment of the invention. Thus, for 
example, those sidled in the art wil rocogsizs that the invention may be embodied or carried out in e manner that 
achieves or optimise one advantage or group of advantages as taught herein without necesseriy achieving other 
25 objects or advantages es may be taaght or suggested heroin. 

nvtnar aspects, features ana eovjrnjojBS or uis mvoenion wni Decora apparent trora tne oataaeo dascnpuvn of 
uiwieiieu wi i ioueiajnis wncn Topew. 

40 Brfrf PwCTfo" pf tfw Priwtaa 

These end other features of this invention wU now be deserted with reference to the drawings of preferred 
30 ernhoolrnents which are intended te illustrate end not to Omit the invention. 

Figure 1 is a conceptual view of a probe array chip comprising beads with probes eagnad in a capillary. 
45 Figure 2 is a conceptual view of a detection system to measure a bead array with probes retained in a 

capilery or the ike. 
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5 Fajures 3a-3g are fragmentary sectional views of an apparatus for bead alignment Figure 3a is a conceptual 

mv of bead faring in an off-fins state. Figure 3b is a conceptual view in which a bead is trapped in a note. Hours 3c 
is a conceptual view in which a bead is moving into a capilary or the Ska. Figures 3d*3g show the subsequent steps. 
Figures 4a and 4b art conceptual views of an apparatus for the groove-type bead alignment. Figure 4a is a 
10 5 perspective iBustration. figure 4b is a sectional view. 

Figures 5a, 5b, and 5c are conceptual views of a method for producing a bead array using grooves and a 
movable verve. Figure 5c is e cress-sectional partial view. 

Figure 8 is e conceptua l view of a disk-type system for probe bead transfer. 
15 Figure 7 is a conceptual view of a fiqurd flow-type bead array production method. 

10 Figure B is e conceptual view of a bead array in which a large munber of beads art separated with marker 
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Figures 9a and 9b are conceptual views of e method of itigsing probe beads using a sheet with notes. 

Figures 10a, 10b, and 10c ere conc ept ua l views of a mrcrcrtitw plate-type bead array holder. Figure 10a is a 
general view. Rgere 10b is a sectional view. Figure 10c is e conceptual view for measurement 
Oetsiled Destitution of the Preferred Fmhodrrwent 

The present invention includes a pluraity of aspects and embodirBents. In one aspect, a method for 
producing a probe array comprises the steps oft (a) selecting plural types of probes of interest; (b) neitobfizing the 
plural types of probes on surfaces of different solid pieces, respectively; and (c) aBgiuag the prebo-lninabiazod sold 
pieces in e designated order to obtain a probe array for onaJyoag a sample sototion passing therethrough, m the above, 
the probes may be peJynucaxitidsj; peptides, or proteins* In an embodiment the sefid paces are beads which may be 
fine particles. Further, the aignment of the sofid pieces may be a one-di rwuioaal anangement or a two-dunensional 
arrangement, tn another embedment, the method further comprises piecing sofid pieces as markers at specified 
intervals in the afignrnent The markers may have a different size from that of the sofid peaces with probes, lo an 
embodsnsnt each solid piece has oae type of probe imrnobfized thereon, and a designated eisnbsf of solid pieces for 
each type of probe are prepared. Add i tio n ally, the afigranent of sofid pieces may bo conducted in an array selected 
from the group co n sis t i n g of e capSary, a groove, and an optical cel. 

In en eineocSrnent of the method, the afignrnent of sofid pieces may be conducted by (0 placing the probe* 
jrrtngbdeed sofid precea on e sheet loving a hole through which one sofid piece can pass, said sheet bohnj placed on a 
movable base baveig a througMiofo leading to the si tenor of the array, said movable base beieg positio ne d where the 
hole of the sheet does not communicate with the through-hola of the movable base; fit) trapping one of the sofid pmces 
in the hole of the sheet; flu) removing the renuinmg sofid pnees from the sheet; (£) nvjving the movable base to a 
position where the hole of the sheet convnuoicatas with the through-hole of the movable base; (hr) transferring the 
trapped sofid piece to the array via the thnxajb-hote; and (v) repeating steps (D through Ov) until the prohe^nmobiiied 
said pieces are afignad m the desigjnattd order in the array. 
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5 hi aoothar embodiment of tlm method, the alignment may be conducted by (t) placing the probe- immobiized solid ittcts 

on a sheet having a holt through which one safid piece can past said hole leading to the interior of the array, said halo 
being dosad with a vaJvo; GO trappetg one of tha solid piacas in the hole of the sheet Gil opening the valve to transfer 
the trapped solid piece to the array, and flv) repeating steps G) through fti) until the proba-irinofflizBd solid pieces era 

10 5 abgned in the designated order in tha cepilary, groove, or optical csIL 

tn yet another embodiment of the method, tha alignment may bo conducted by (0 placing tha probe- 
iranobasBd sof d piacas in wont, each wall comainmg a singla type of proboHmrafafeed sofid pieces, each wel having 
a hofaj through which one solid piece can pass, said hole being dosed; GO trapping on of tha solid pieces in each how of 

15 each wel; GO opening and closing each hole after moving tha wails in a designated order to transfer each trapped sofid 

10 piece to an array; Qv) moving tha wots to afign tha proba-ocmo based solid piacas in a next array; and (v) reputing 
steps G) through Gv) until a designated number of arrays are filed with tha pfofce^rniohlzed said piacas aligned 
therein. 

In stnl another emboolrnant of tha method, tha alignment may be conducted by (i) placing tha prooe- 
anmobfiznd solid pieces in a narrow tuba; GO moving tha sobd piacas one by one with a solution flowing eloag tha 
15 Barrow tabs, to transfer tha sofid ptace to the array, and (D repeating steps G) and QD until tha pniba-aiiiiuuizad sofid 
pieces are signed in tha designated order in tha array. 

Adoltionaly, in an entetfiment, tha alignment may be conducted by G) placing tha probvrinvnobdizsd sold 
pieces in sections, each section containing a tingle type of prDbe-imntobmzad solid piacas, each section having a bob) 
through which one sofid piece can pass, said hate bang dosed; {■) trapping one of the sotid piacas in each note of each 
20 section; Gift opening and dosing each hob) after moving tha sections in a designated order to transfer each trapped 
safid piece to a groove; Gv) repeating steps 0 through fnQ until tha prooe^rarnbttaad sold pieces are aGgnad m the 
groove m order; and (v) transferring the afigned p r ecaira mo b fa ad sofid pieces to en array wherein tha sold pieces are 
placed dose together. 

tn tha above, each ernbodsnant can exhibit at least one of tha aforesaid advantageous effects. 
25 The present invention can be applied to other aspects, including a prebe array for laafyzing a sample so luti on 

passing therethroagh, and various apparatuses for manufacturing a probe array* 

The present nvonuon wel be txplatnad by the folowang examples. A probe array of tha present invention can 
40 la axwnoisy ei^aaW Accanfragry, DMAs are ased 

for exptanation In the fobenng atampew. 
30 hi a QUA probe array according to the present aivaation. sofci probes are held either one d une n si o n a ty In a 

capalary or tweKfiJwnsienaty in a srnal area of an optical cel. The capilary ia mainly used h tha Examples for 
45 caawanjeace of ex pla natio n. Round beads are used as the fine particles in tha Examples but any particles having cubic 

or other shapes can be used. Beads having a diameter of 1-300 macrons can be uses; however, beads having a 
ola ra a t a T of 20 natrons are mainly used hi the Ex emotes. Further, glass or plastic beads are oonrtafy used; however, 
35 metal materials such as gofaj can also be ased. Plastic needs an used here. 
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(Example 1) 

Figure t shows in example of i probe array according to tha presort invention, wherein mmteral 101 is an 
inter for solution and sample, 102 is an outlet 103 is a capilary for hotting probe array, 104 are marker beads, 105 is 
a bead with probe, and 106 are dummy beads. The diameter of the beeds with immobifized probes is 20 microns and 
the inner diameter of the cspilary 103 is 25 microns. In this Example, about 20 dummy beads 106 are aligned on bath 
ends and 999 beads 105 are a&nned between them. Eviry 10* bead is a black bead 104 end every 100* bead is a red 
bead for a total of 99 marker beads and 900 probe beads, that is, 900 different kinds of probes can itmuttaneousry be 
used for tests. These beads could be aligned in a 2 mm length if densely packed; however, m ties example, for 
hybrkfizaticn and other considerations, the beads were mora loosery packed and held in a 5 mm length. The retention 
length can be longer or shorter than the above described range (04, in the range of 2-10 mm par 1000 beads). 
However, en excessively long length increases the amount of sample needed, wMe en excessively short length causes 
a erobtora m handing. Moreover, a sample may be not adequatxh/ frybricfeed. The volume of the reaction area is about 
2.3 n Iters. Stoppers are placed in both ends to prevent tha beads from flowing-out The sample end washing fluid 
era introduced and discharged through these ends via the Wet 101 and the outlet 102. The probe array is 
advantageously compoct end easy to handle since as many as 10,000 probes can be held in an area of 20-30 mm ia 
length. 

The irradiating laser beam 208 and the probe holdng cspfflary 202 are relatively seemed and tha resumes, 
fluorescence is measured using a fluorescence detection device, for example, as shown m Hgure 2. In Rgurt 2, 
numerel 201 is a bead with probe, 202 is s caplaty for hosdmg pram 

a point of irradiation and ranon 205 is e lens. 208 is a irradiation leser beam, 207 is a optical filter, 208 is s lens, 
209 is a laser source, 210 is a detector, 21 1 is a controller for data processing end detector, end 212 is s iruficetor. 
Different probes are raatBy identrTiabia by the aid of marker beads placed every 10 beads 201. Marker beads can be 
colored differently to identify different probes, or alternatively, each group of 10 buds with probes can be colored 
differently. Of course, in this case, colors would have to be chosen so aa not to haw a wavelength which would 
interfere with the fluorescence detection. 
[Example 2] 

This Example relates ta a method end en apparatus in which beads are aligned in a capillary at a time m 
predetermined order. Figures 3a-3g show an example of e device to make the bead array. In these figures, numerel 
301 is an outlet for solution and beads, 302 is an inlet for solution, 303 is s cover plate, 304 is a bead with probe, 
305 is a bole for bead flapping, 308 is a capiary for bead efignraem; 307 is a capillary hotdrg base, 308 is a trapped 
bead, 309 is a nozzle for bead supply, and 310 Is a stopper. For convenience of explanation, beade are efigned in one 
capSary in this Exenopte; however, for practical use, s multiple number of ados on a sheet end e multiple number of 
caoOaries are used. Step 1 (Figure 3ak Beads wrth the first probe (probe bead II, 3041 are introduced with a servant 
[rrtotx* eel 303 beve^ the sheet 311 wto a raxfc at the bottom. The beads are precipitated and the solvent is moved 
back and forth and right end left re drop m of trie beads 305 into Step 2 (Figure 3b): Tha remaining beads 
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an removed with tha solvent 302 via the outlet 30 1 and washed. Only the bead which dropped into lha tola remains 
in the cefi. In this case, tin solvent may be blown qui of the port at a right angle to the sheet to remove these heeds 
near the port and leave the one bead in the sheet hole to ha introduced into the capflary in step 3. The bottom of the 
hole is dosed off by the block 307. The capitory for tha alignment of the beads is fixed to this Mock, but in steps 1 
and 2. the axis 308 of the capflary and the hole are not aligned soch that the bead 305 is retained in the hole. Step 3 
(Figure 3ch The block 307 and the sheet 31 1 era moved relative to each other to afign the am of the capilary and the 
hole. Probe baad#t (305) is introduced into the capillary by suction from tha other end or with pressure appfied from 
the solution injection side. In this case, the relative movement of the block and the sheet is about the same order as 
the diameter of the hole, for which a piezoelectric element is successfully used. Step 4 (Rgure 3dh Tha block 307 and 
the sheet 31 1 are relatively moved so that tha axis 300 of the capttary and the hole 308 are again out of aJigrrnient 
Step 5 Figure 3efc Beads with tha second probe (probe bead #2, 320) ire hrtroduced into the cell 303 and one of them 
321 is dropped into the hole. Step 6 (Figure 3ft Excess beads other than the bead ia the hale are removed from the 
eel in the seme manner as in step 2. Step 7 (Figaro 3g): Tne block and the sheet ere moved relatively to sign the axis 
of the capillary and the hole such that tha probe bead #2 (321) can be introduced into the capttary. As a result the 
heed with probe 1 (probe bead 1) end the bead with probe 2 (probe bead 2} are aligned in the capilary. By repeating 
these steps; a bead array with probes having a desired order ceo be produced. 

The capilary used here can be taken out and used as a probe amy holder during measurement or a probe 
array holder can be made separately and attached to the bottom part of the capibry to which the bead array is 
transferred. In this Exampei, the probe array holder shown in Figures 4a and 4b is asad. In these figures, numeral 401 
is a basB with a bead array holding groove, 402 is a sofctioa outlet capttary, 403 is an Met for beads and reruns 
sortitions, 404 is a groove for bead ilgnrnent 405 is a beed with praba, 406 is a stopper, and 407 is an upper 
window. A sample solution is injected from the left side (403) of tha Figure. After sufficient hybridcatioa a vrashmg 
fanid b injected from the right side (402) to remove tha onraaeted sample portion. After moulting the probe array 
holder onto a nieasuring sm\ each bead is rrufcated with a laser beam and emitted fluorescence ia detected. Of 
course, instead of arretted fluorescence from laser beam irradretion, emitted Bght produced by a chamical emitting 
reagint can also be detected. Any detection method which can detect the presence and absence of hybrkfcatran can 
boused. 

m tfaa Exaniaa, the invemim 

produce a large number of probe arrays isnuftaneoush/ osing a rnuhipJe aamber of capinaries. In that case, it is 
naturaffy understood that the number of holes on tha sheet has to be increased as the number of capdaries increases. 
[cxampla3] 

This example is for an apparatus m which a bead delivery device 504 having notes (or wees) to keep various 
lands of beads separately to transfer them to a bead arraying plate 512 having grooves 507 on it or a capilary for 
•agrang tha beads according to tha piadetanntncd order as a praba bead amy. At first solutions urn taming Afferent 
lands of probe beads placed m wale of a titer plate an transferred one after another m a predeterrnined order into 
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^ designated wife (botes) of a bud delivery device seen that the beads ara aMgned in i groove produced in a pJata or a 

capillary (Figures 5a, 5b, and 5c). In these figures, numeral 501 is a pipattarnnjector, 502 b a titer plate which has 
wells 503 containing probe beads. 504 is e bead defivery device with holes, 505 is a hole which holds probe beads 
bono, defivemd to a groove, 506 ara arrayed probe beads, 507 is a groove in which various kinds of probe beads are 
10 5 signed* 508 is e probe bead, 509 is a probe bead trapped ie a hole* 510 is a piezoelectric element 51 1 is a movable 

vafva, and 512 ts a holding base. The beads ara suctioned from the wels in the titer prate 502 with the pipetter 501 
and moved into a transfer wefl 505. The hole 520 for trapping e bead is open at the bottom ef the weft. One of the 
beads 509 (a multiple number of the beads if a mubipte number of the notes are provided) injected into the wall 505 
f 5 drops into the bote 520, aad the presence of the dropped bead is optically confomad. Then, excess beads are 

10 recovered or removed from the wgfl by flushing beads out with washing kquid. The verve 511 wtodi can be driven by a 
piezoelectric dement 51 0 or the ike Is placed between the bead trapping bote 520 and the groove 507 or the capillary. 
A bud can be tr aasf erred to the groove or capillary side by moving the vafve. Aetna! bead rnovernent is comroted by a 
fiqurd flow. Of course, the bead can also be trtnsferred by moving the ptets 504 to afign the bole and the groove or the 
center of the capillary. Once the bead is fuly uausfe no d, the vafve is moved back or the relative position of the note 
15 and the capsTary is shifted so that the bead is trapped in the hole. Beads wfth the next probe are introduced nto the 
trapping site usmg a pipetter. The steps above are repeated to produce a bead array. The resulting bead array 506 is 
ased as it is, or transferred to another container white maintaining the Alignment and used as a probe array. 

The steps above can be earned oat in a system having a rrraftipte nurnber of holes to save time in array 
production, or to steiurtaneously produce a multiple number of the same arrays. 
20 (Exempted 

In Example 2, one kind of probe bead at a tana is afignad using a bead defivery device with one note. In this 
example, e multiple number of wells in e bead defivery devteo are used to segaontaly bold muttipfe kinds of probes 
bead in order to knprove productivity. As shewn in Figure 6, a multiple number of rectangular weOs 603 are placed en 
a rotary disk 601. In figure 6, numeral 601 is a oak-type bead bofcfing ptete for delivering beads, 602 is a rotary axis, 
25 603 is a groove far bead hotdmg, and 604 is a bote for bead hotdmg. The bottom of each well te fitted with a sheet 
with holes as described in Example 1 at the bottom. The lower part of the rotary disk havmg the sheets has contact 
with a block, which holds capfiaries, to prevent dropping of the beads trapped in the botes. When the rotary dntk is 
40 moved end the holes aad the axis ef the capil tries are signed, the probe beads are transferred into the capelaries in 

the same eianner as described m Example above. The number of the betes corresponds to the number of the 
30 capetaries. The botes end the capul arias are corresporuingfy posMoooo* however, in order to prevent shearing upon 
loisuoo, a corrxroojng macnarasra rs pfavuaov tn vvrocn tne Dajcs wnn capaiaiws rs rnoveo n ma exm ouc arncaon or 
45 the disk using a tracking tesMque amnar to that used for CD-ROMs, m this example, a rotating board having a 

tiametarof 18 cm nosed, weirs 603 (1 mm wide end 30 mm long) ara located at a position 5 cm from the axis of tna 
dbt Tr*pMofthawebte2i»nari The sheet with notes is 

35 spread seder the wels and the pitch of the notes is 2 mm. In this example, a total of 1 0 botes ere efignad so that 
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5 probe bead arrays can be mads in 10 capUaries. Of course tha number of capHlaras and tha muter of proba arrays 

pro duri bto at ona time eta ba changed as reqoired. 

Tha rotary plats rotatos in two rotation modes; a high spaad rotation motto and a low speed but highry 
accurate mode. Beads are introduced into the well with a solution. The beads are dropped into the hales by moving 
10 5 the auk and flowing the sokrtieo out of the holes. Next, excess beads are moved to bead holders located on the end of 

the wetts by centrifugal force and by water flow by rotating tha dak in the high speed rotating mode. The oak is 
stopped, then, disk rotation is set to the highry accurate mode so that the cepfflaries and tha probe beads #1 afign. A 
shutter ef tha bottom of the dak is opened end tha block which ts hottng the cepoTaries is brought into contact with 
15 tha rotary plate such that the weHs carrying probe bead #2 are moved to the position af the capataries. Thabaadsara 

10 soQuentiaty transferred into cspalanos to produce probe bead arrays in a designated order. A large number of probe 
beads can be aligned and held in capilaries by exchanging the dsk or the probe beads to be plated in the wefts and 
repeating the above described steps. The po s i tio n of a specific probe in e resulting probe bead array can be 
LUfirauouLfy confirmed by changing tha color of beads in tha arrays every 10 beads. 
[Example 51 

15 Tres example relates to a method and an apparatus for the aognrnant of probe beads into a capiiary one by 

one in e designated order using a Squid flaw. Rgaro 7 shows a conceptual view of this aiarneie. tn this figure, 
numeral 701 is a bead sdutioa reservoir, 702 is a beed with press, 703 is a transfer tube, 704 is e sheath flow ecu, 
705 a a transfer fcnid, 708 is a capiiary tube fer transfer, 707 is a caputary for bead amy afignnent; 708 is e 
supporting base, and 709 is e sokitioo outlet tube. Beads 702 with prabaa are pumped into the transfer capotary tube 
20 707. Tha end of tha capillary tube is inserted site a Squid flow formed with the transfer Squid 705 in the sheath flow 
eel 704, and the beads are released into tee Squid flow one by one, end wartueaTy constant intervals. However, to 
stabSa the ressese, uJtresoaic waves era spoked to that portion of the capiiary holdnuj tha beads to form knots along 
the axis of tha capiiary. The beads are released one by one etto the Sgjad flow at d esi g nat ed intervals by controumg 
conditions such as the iateasrty of the ultrasonic waves. 
25 [Example 6| 

la the examples above, eaa bead corresponds to one kind of probe. However, bt order to check uniformity of 
hybrtdizBtioQ reactions or to improve detocsjoa sensitivity, it bt appropriate to use e rnettxtaj ounsber of beads for one 
40 kind of probe. It is not necess ary that the same number of beads ba used for si probes. If the number varies held in e 

capHtery for making a probe array, however, colored beads or beads of a different sice have to be euorted between 
30 bead groups with different probes as markers. This exarapa i is shewn is Rgoro 8. In this figure, mineral 601 is a 
large sfea oamray beads, 802 is a probe bead, 803 is a large soe marker bead, 804 b) a capiiary for proba hohhng, and 
45 805 is a sample flow pain, The apparatus for the production is virtualy the seme es described ebove, except that the 

size of the fades is several timas larger thee tha sob of the beads 802 so that a muttsae number of beads 602 are 
trapped in the boles. Subsaqaont procedures are the same as described ebova. 

50 



55 



WO 00/61198 



PCI7US00/09685 



10 



Further, the bead array of this exempli can be easily produced if tha Bqirid flow systam described in Eiample 
S is used. A smafl number of beads are suctioned from a bead reservoir with a pipet and injected into the Squid flow. 
Although the number cannot be confirmed the injected beads can fas sequentially placed into the capillary 804, Prior 
to the injection of another land of beads, a colored bead or a bead of a different size (801) is injected as a marker so 
5 that the position and the kind of probe of individual beads can be identified. 
[Eiample 7] 

The previous example is a method for the production of a probe array in which probe beads an afiinad in a 
capillary. This example aa shown in figures 9a end 8b encloses a method and an apparatus in which beads are first 
15 efigned in e groove produced on a plane surface, thee congregated into a probe array or transferred into a caniary to 

10 produce a probe array. In figures 9a and 8b, numeral 901 is a plate laving wetts, 902 is e wei f or e bead reservoir, 
903 is e bead holding hoes, 904 is a sheet with holes end is ususay attached to the plate 901, 905 is a base amy 
production holder with grooves for afigning beads, 308 is a few groove for probe bead alignment 907 is a bead with 
20 probe, and 908 is a capillary for bead array. first a bead array production homer 905 having a muftrple number of 

grooves 908 on a plana surface is prepared. Beeds 907 with probes ara efigned in each groove end transferred into e 
15 conslary 808 or the ike whie nuinteining their afiuuiiont then the beeds efigned in the multiple number of grooves ere 
introduced into different csplaiies and used es a probe array. A plate attached with e sheet having boles (901, 904) 
is placed on top of the beed array produc&on holder wherein beeds ere trapped in the holes end transferred into the 
above described grooves. As shown m figure 9. this piste with e sheet has wetts (bead reservoirs 902) orthogonal to 
the grooves on the beads array production bolder, and the holes 903 holding beads art through holes and opened tor 
20 the fine groove. The apparatus does have a ma n ipl e number of grooves, but beads with different proses ere injected 
into different web m the plate and held in different holes. The plan attached with a sheet end the plate having 
grooves ere used in dose contact but can side each other. At tha start the boles 903 of the sheet end the grooves 
908 for the bead array r^oductien bolder ara not signed Beads with proses are suppled into drfforeal wets 9G2 of 
^ the parte ebove the sheet with holes for each land of probe. One bead drops into one hole end retained there because 

25 the bottom of the hale is closed st tha state! When the hows of the sheet end the grooves of the beed amy 
production holder are efigned. the beads drop one by one from individual botes into the grooves 908. Since different 
probe beads drop into one groove from different positions, a variety of probe beads ere retained in a groove. The beads 
40 ere placed vtrtuefv at the same intervals as those in the bead reservoir 802 oa the sheet win holes, bi this example, 

the interval is 2 mm. A toted of 50 beads ere dropped into each groove of the bead array production holder in this 
30 example. Abo, 10 bead arrays can be sarvJtaneously produced in tins example, but the number can be increased es 
desired. After dropping the beeds, the positions of the sheet with boms 9)3 end the grooves 908 of the bead array 
45 p r od ucti on header ere shifted to seal up the grooves, after which the beads ere introduced into the capillary 908 with a 

iojoid flow. The mother of different kinds of probes can be erreyed by repeating the ebove described steps. 
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5 In this example, a ontHfimsnstonaly afigntd probt bud array it tatosed; however, naturaly, probe irrays 

having many more kinds of probas can bo produced by arranging a murtipla numbar of these arrays or by two- 
diniinsonaly aligning these arrays. 
[Examples] 

10 5 In this extmoia, a probe bead array holder comprises cells which consist of a plate with one-timensionaly or 

two-dtmefuuonahy d btrfarted holes and e cover glass. In Figure 10a, 10b, and 10c numeral 1001 n a rmcrotiter ptate- 
type bead array homer, 1002 is a spacer, 1003 a host which makes a bead array eel with a cover glass, 1004 is a 
bead with probe, 1005 is a cover glass, 1006 is a solution outiet 1007 is a solution Met, 1008 is a laser beam, 1009 
is a tens, and 1010 is a detector. This resembles a micro titer plate. A smal number of beads are suctioned from a 
10 titer plati in which probe beads are hell end dispensed into holes (ceils) 1003 of the plate 1001. The beads 1004 are 
dispensed into the holes at designated positions according to the kind of probe to produce a nicrotitar piato*typo bead 
array with proba beads. After the beads are dunensed, the cover glass 1005 which is opticaOy tran spa rent and does 
not interfere with the measurement of fluorescence or chenncal emission is placed on top to produce a cai array. The 
space between the cover glass end wails, which segment the eels of the nvcrotitar plate-type cefl array, is smafcr 
15 than the size of the beads so that the beads canoot move out The reaction sohrtion or the Bta can flow through the 
eels freely. For use, the cob an turned upside down to make the glass side down. In this case, the beads on the 
glass surface are sufficiently in contact with the raatuon solution eidepeidant of the depth of the cells and the probes 
undergo fiytridtzation with the target 
[Effectfvcneia of the Invention] 

20 As described above, according to the present invention, a large number of probe arrays for peptides or ONAs 

can be produced by a senate procedure. The process to inmobfize probes on the surface of e sold and the process to 
alga probes are separated, so that both pr oc ess es can be euliiaied. As o result iravjocAzed probes which are 
homogeneous and not esxfy removable from the surface of the sold can be produced, then an array having the 
35 required kinds of probes cea be readBy produced by signing the beads m a designated order. Also, a tine probe array, 

25 which is difficult to make by a conventional method, can be produced by reducing the size of the beads. A probe array 
with new components can be produced ssnpry by preparing the required DMA probes, inunobslzing them on the surface 
ef beads end setting the probe beads onto a pro d uctio n apparatus* and thus arrays as requested by users can be 
40 provided any time. By staling e murtiple riurnber of beads carrying the same probes, statistical averages cea be 

obtained te anah/zo reprodupoffity and ojuantiutneness, end ratable measurements can be carried out Fur thai more, 
30 the reaction is Quick and highly sensitive be c a use the surface area for the reaction is larger than that in conventional 
DNA chips or the eta being retained on a plane. The sua ef the seeds ean vary Between 1 micron to 300 microns so 
that high density probe arrays can be readsty produced if necessary. For eiempie, by using OHnicron beads, 1,500 
probas cea be afigned m a 10-mm length in a capSary, or more than 1,000.000 probes can be retained in an area of 1 
cm 1 if a two-dniensssaaj probe array holder is used. 
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A murtiplo number of arrays having the same probe afigwnem can be produced by an extremely simple 
procedure ind thus the arrays an aho suitable for mass production. 

It wil be understood by those of ski in the art that numerous and various moofficatnes can be made without 
departing from the spirit of the present invention. Therefore, it should be dearly understood that the forms of the present 
invention are Mustituve onry and are not attended to &mh the scope of the present airention. 
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5 WHAT IS CLAIMED IS: 

1 . A method for producing a probe array, comprising the steps if: 
selecting plural types of probes of interest; 

irnmobifamg the plural types of probes on surfaces of different sold pieces; and 
10 5 aigiring the pnibe-immobfized soBd pieces in a designated order to obtain a probe array for 

analyzing a sample solution passing therethrough. 

2. The method according to Claim 1 , wherein the probes em polynucleotides, peptides, or proteins. 

3. The method sccordmg to Claim 1, wherein tha sold pieces an beads. 

4. The method according to Claim 3, wherein the beads ere fine particles. 
10 5. The method according to Claim 1, wherein the efigiment of the soU pieces is a o^ 

arrangement or a two-dimajtsional arrangement. 

6. The method accorolng to Claim 1, further comprising placing sold pieces as markers at specified 
intervals in the aug nmeirt 

7. The method accorong to Claim 1, wherein each said piece has one type of probe rmmoUoed 
15 thereon, and e designated nvnbcr of soid pistes for each type of probe are prepared. 

8. The method according to Claim 6, wherein tha markers hare a ififfarsnt size from that of the solid 
pieces with probes. 

9. The method tccordmg to Claim 1, wherein the aegnment is conducted in an array selected from the 
group consisting of a capSlary, a groove, and an optical cel. 

^ 20 10. The method accorolng to Claim 9, wherein the angnrasnt is conducted by CO placing the probe- 

imnrao£zed solid pieces in e well on e sheet having a hole through which one soid piece con pets, said sheet being 
placed on a movable best having a through-hole tending into the array holder, said movable ban being positioned 
where the hole of the sheet does not cornmunicate with the througJhhote of the movable base; (5} trapping one of the 
35 solid pieces in the hole of the sheet; (Hi) removing the remaning soid pieces from the sheet; (U moving the movable 

25 base to e position where the hole of the sheet convnuricates with the throuptvhow of the movable base; 0v) 
Uansfw i imj the trapped soid piece to the array via the through-hole; end (v) rvpeatng steps (0 through (hr) until the 
probe-fflBDiohiftied soid pieces ere affined in the Designated order in the array. 
40 11. Ths method accordmg to Claim 8. wrterein the rfgmnent is conducted by (Q placing tee probe- 

immotiizBd solid pieces in a wtJ on i sheet tuning a hole through which one solid piece can pass, said hole leading to 
30 the interior of the array, said note being closed with a vihrr (H) treppeig one of ths sofid pieces in the hole of the sheet 
or m tha wel; (£) opening the vwve to transfer the trapped soft piece to the array, end 0v) repeating steps (Q trtrough 
(S) until the probe ownobKad solid paces are signed in the designated order m the csptbsry, groove* or optical cel. 

11 The method according to Claim 7, wherein the eugnment is coeducted by (0 placing the probe- 
■emulieued soid pieces in wees, each well containing e single type of probs-tientobiized sold pieces, each well having 
35 a note trrroogh which one sold piece can pass, said bole being dosed; (fi) trapping om of the sofid pieces in each hell of 
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each wet; Gil) opening tnd closing tacb hod ifter moving the wells in a designated order to transfer each trapped solid 
piece to an array; (hr) moving the wels to align the probe-tmroohifeed solid pieces in e next array; and (v) repealing 
steps (D through Gv) until a designated number of arrays era fffled with the probe^obifczed sold pieces eigned 
therein. 

13. The method ecccnfing to Dean 9, wherein the afignment is conducted by (0 placing the probe- 
immob&ad sold pieces in a narrow tube: fiO flowing the solid pieces one by one with a sohitioa along the narrow tube, 
to transfer the discharged sold piece to tho array, and (n) repealing steps 0) end (5) until the probe^mroobilized sold 
pieces are aliened in the designated order in the amy. 

14. The method scoring to Close 7, wherein the aignment is conducted by (i) piecing tho probe- 
irnmobaoed solid pieces in sections, each section cmrtemiBg a single type of probe-ffTvnoba'ized soUd pieces, each 
section having a bole throagh which one sofid piece can pass, said hole being dosed; (5) trapping one of the sold pieces 
in each hole of each section; (£) opening end dosing each hole after moving the sections in e designated order to 
transfer each trapped sold piece to a groove; (hr) repeating steps (i) through (ii) umi the prabe-iremabfed sold pieces 
are afgnad in the groove hi order; and (v) transf erring the signed probe^mmobiked sofid pieces ti an array wherein the 
sold pieces ere pieced close together. 

15. A probe array for analyzing e sanpJe sohrrjon passing ihoHUuouuh, carnprisng: 
pajral types of probes irnawoffized on surfaces of (fiff erem sold pieces; end 

en array wherein the pnae-biiwoo^ 
18. The probe array according to dan 15, wherein the probes are pofynudeotidea, peptides, or 

proteins* 

17. The probe array according to Clitm 1 5, wherein the solid pieces are beads. 

18. The probe array accorolno to Cliim 1 7, wherein the beads are fine particles. 

19. The praba array according to Ctai* 15, wheraia the eagnrnent of tho sofid pieces is a one- 
dirnensawal arrangement or a two-dunensionai anangernent 

2a The probe array actordmg to Cham 15, further canalising sold pieces as markers at specified 
intuvsls in the afieantant. 

21. Tne probe eney according ta Ctaim 1 5, wtooii each salid piece has ooo type of probe iaroobffized 
thanoa and a oaaignatad numb^ 

21 The probe array according to Clain 2a wherein the markers have a Afferent siza from that of the 
sofid pnees with probes. 

23L Teaprot»erroyeccordtagtor^ 
cepuaary, a groove, end an optical cafl. 

24. An apparatus for ntsnufecturing a probe array, corner ising: 

a sheet or wtJ for sap parting p ro bo-a t aaoMlad sold pieces, said sheet or wel having a hole 

through which one said piece can pass; 
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i movable base on which the sheet or well is placed, said movable base having a througthhota 
leading to an array, said movable base being movable between a position when tha hole does not 
communicata with the through-tola, wherein a prabennimobtfized soGd piece is trapped in the hole, and a 
position whare the note corrvmmicates with the through-hole, wherein the probejninobiizad solid piece is 
discharged; and 

an array detachabty comrrura eating with the through-hole, wherein the probesmmobilized solid 
pieces can be signed in a designated order in the array. 

25. An apparatus tor manufacturing a probe array, comprising: 

a sheet or eel for supporting prote-tiuiubiked sold pieces, said sheet or eel having e bote through 
which one sold piece can pass, said hole leading to an array; 

a vanre for dosing the hole, wherein when the how is dosed, a probe-immabiaed sold piece is 
trapped in the bote, and whea the hole is opened, the prorjennvxiobilized sold piece is dtaharged; and 

an array detachabty coosmmicating wfth the how, wherein the probe-tmuAlized sold pieces can 
be efigned in e designated order ii the array. 

26. An apparatus for manufacturing a probe array, comprising: 

a plate having a pJuretty of wefts for supporting probe-immobfized sold pieces therein, each welt 
correspond*^ to one type of probeHnanobQized said paxes, each wef having a hole through which one solid 
piece can pass; 

verves for closing the holes, whereat when each hole is dosed, a probeHrnrnoohlzed sold piece is 
trapped in the hole, and when each bote is opened, the profao»enmobSzod sold piece is discharged, said 
warm being amputated in e designated order; and 

a plurality of arrays camnvjnicating with the holes, wherein the profiaHmrnobtaed told pieces can 
be afigned in a designated order ia each array. 

27. An apparatus for manufacturing a probe array, comprising! 

a narrow tube for sugaring arobe-immobfized sofid pieces therein; 

an eater tube surrotndmg tha narrow tube wherein i solutioa flows ia a direction of Discharging the 
sofid pieces one by one; end 

an array receiving the sofid pieces tischaroed from the narrow tube, wherein the pfoba-ircnrcbized 
sofid pieces can be efigned in a designated order in the array. 

28. An apparatus for manufacturiag a probe array, comprising: 

a plate having sections for supporting probo-inwttbfizod sefid pieces therein, each section 
containing a singta type of erobe-orrniobiked sold pieces, each section having a hole through which one sofid 
piece can pass, said hde having a vata; 

a second plate having grooves for receiving probe-eranooslzed sofid pieces passing through the holes 
in e designated order; and 
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En Qrrsy receiving tho solid ptsces trEnsfoTod from tha grooves, wherein the soSd pieces arc placed 
doso togetftsr in order. 
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FIG. 3. a 
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